Previous determinations of the swimbladder contribution to the fish backscattering cross section have been hindered by ignorance of the acoustic boundary conditions at the swimbladder wall. The present study circumvents this problem by direct comparison of target strengths of three gadoid species and mackerel-anatomically comparable fusiform fish which respectively possess and lack a swimbladder. The relative swimbladder contribution to both maximum and averaged dorsal aspect backscattering cross sections is shown to be approximately 90% to 95%, which is higher than most other estimates. The new results were established for fish of 29-to 42-cm length and acoustic frequencies of 38 and 120 kHz.
INTRODUCTION
The importance of the swimbladder in acoustic scattering by physoclistous and physostomatous fish has long been recognized. l-l? There is conflicting evidence, however, for the magnitude of its contribution to the fish backscattering cross section. This may be due in part to systematic species and frequency differencesAn scattering properties, but undoubtedly also reflects the variety of methods which have been applied in its deter- Table I. The problem common to the various investigations, which is also a cause of the differing results, is that of preserving boundary conditions. The swimbladder is generally aspherical l'ls'l• and cannot be approximated jected to large external pressure changes. 2i
The present study attempts to preclude all considerations of boundary conditions by direct comparison of measured backscattering cross sections of gadolds and mackerel, which respectively possess and lack a swimbladder, but are otherwise similar in size, shape, and, to an extent, anatomy.
I. DATA BASE AND ANALYSIS
The data base of this study consists in Nakken and Olsen's measurements of the dorsal aspect target strength functions of three gadold species and mackerel at 38 and 120 kHz. 22'23 Only those measurements corresponding to fish with lengths from 29 to 42 cm are used. This length range represents the extent of the mackerel measurements, which is more limited than that of any of the gadold species. The numbers of available target strength functions are described by species and frequency in Table II Possible systematic species differences in the gadold target strength data are ignored. The merged data are distinguished only by target strength type and frequency. These are compared with corresponding target strengths for mackerel.
To facilitate this comparison, the target strengths of each set are regressed linearly on fish length according to the prescription TS=m log/+ b, 
II. RESULTS
Target strengths corresponding to the data enumerated in Table II The backscattering cross sections and associated statistics derived from the regression analyses were used, as in Eqs. (3) and (4), to determine From the several parts of Fig. 5 , the swimbladder contribution to the backscattering cross sections of gadoids is observed to be about 90% to 95%. This is higher than that of many earlier studies, cf. Table I, Differences in results between this study and the cited earlier studies are attributed both to differences in the particular species and acoustic frequencies of investigation and to the methods of analysis. The advantage of the present method is that it avoids altering the basic boundary conditions at the swimbladder wall--the interface between the acoustically lossy and elastic fish flesh and strongly reflecting gas sac of the swimbladder.
•
In revising upwards previous estimates of the scattering contribution of the swimbladder, at least for gadoids at typical ultrasonic survey frequencies, the present study may provide a new impetus to acoustic modelling of swimbladder-bearing fish. This is anticipated to be equally applicable to physoclists and physostomes. 
